. Representation of the main noise sources around an airfoil. the noise generation mechanism and how this phenomenon can be mitigated. The main problem is to 181 guarantee the aerodynamic performance necessary for proper mission development. The aerodynamic noise of conventional propellers can be split into two main components in the Fourier domain: tonal and broad-band contributions [20, 28] . Tonal components are directly related to the periodic motion of the blade in the surrounding fluid. Therefore, the frequency and magnitude of the radiated noise is related to rotational velocity. The physical mechanism associated with the production of the tonal contributions is related to blade thickness and to aerodynamic loading. On the other hand, broad-band noise is radiated by the interaction of turbulent flow structures with the blade edge. Therefore, it is either generated at the blade leading/trailing edge or at the blade tip. Research studies tend to separate pressure fluctuations, denoted as p , radiated from the blade surface in the far field, into two components [20, 27, 28] :
Where p NB is the narrow-band component of pressure fluctuations, whereas p BB is the broad-band Ffowcs-Williams/Hawkings equation [21, 31] .
where a is the speed of sound, ρ is the air density, p is the perturbation on the static pressure, t 188 is the observer time and x i are the components of the position vector, T ij are the components of the 
The thickness term takes into account the fluid displacement due to the body, while the loading counterpart takes count of the unsteady force distribution over the body surface. A numerical evaluation of these two quantities can be achieved by discretizing the blade in N finite Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2019 doi:10.20944/preprints201910.0078.v1
elements along the span. The resulting overall radiation field is approximated as the sum of N pointwise sources.
Using a reference system of coordinates x = (x, y, z) as defined in Fig.2 , the two components can 197 be calculated using Eqs. 7-8 (see [20] ), which are derived in [28, 32] : 
In Eq.7, the first term represents the far field, while the second is representative of near field contribution. These two terms differ by the power of r k in the denominator. The far-field term is proportional to r −1 k while the near field term is proportional to r −2 k , thus the last term becomes relatively small at large distances from the noise sources [21] . On the other hand, the broad-band noise of a propeller is generally produced by three main sources: noise related to the turbulence of the incoming flow (LE noise), noise produced by the interaction of the turbulent boundary layer over the blade surface with the trailing edge (TE noise) noise generated by the possible separation of the flow (Separation noise) [20] . Therefore, the broad-band contribution can be further split as:
where p TE is the TE component, p LE is the LE component and p S is the separation term. 
where c is the chord, ∆R is the spanwise length of the blade, I is the radiation integral function, B is the number of the blades, ω = 2π f is the angular frequency, f is the rotational frequency, D(θ, ϕ) is the directivity function and Φ pp is the wall power spectral density of the pressure fluctuations. The wall pressure spectral density S TE pp and the spanwise correlation length l y can be evaluated experimentally or numerically. There are different models for S TE pp estimation, e.g. the one proposed by Schklinker and Amiet [33] , or the more recent model proposed by Rozenberg et al. [34] , which takes into account the effect of the adverse pressure gradient. On the other hand, for l y evaluation the most used model is the Corcos' model [35] .
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2019 doi:10.20944/preprints201910.0078.v1 The effect of the flow separation on broad-band noise can be significant as well. According to [25] , an estimation of the power spectral density is provided by the following expression:
where c D is the drag coefficient, A S is the body cross-sectional area where separation is localized 208 and U is the velocity of the flow. Aérospatiales (ONERA). The optimization strategy seems to be useful in reducing the number of 281 variables in the multiphysics problem. Furthermore, wall pressure measurements confirm that the 282 pressure signature is dominated by the broad-band component generated by the separation bubble,
283
showing that it is important to extend studies to broadband noise. is present at the TE of the airfoil. TBL-TE is strongly dependent upon the BL thickness δ at the TE.
407
The location of the transition affects the TBL-TE noise. show that multiple broadband noise reduction mechanisms occur (serration + porous material), but it is likely that the porous material is enhancing the serration effect, rather than the porous material and later the finlets were added. The study was performed by using an implicit large eddy model.
520
The comparison between c f and c P for the baseline and the owl-inspired geometry shows that the 521 add-on does not significantly degrade the aerodynamic performance. Furthermore, spectral analysis 522 shows a slight reduction in pressure spectra at high frequencies near the TE of the airfoil. At the 523 present state-of-art, this technology has not been tested on a propeller, so it would be interesting to 524 investigate this innovative geometry both numerical and experimental in order to understand if it is 525 really applicable to drone propellers. 526
Conclusion

527
In this paper the focus is on the noise generated by small rotors, the aim being to identify which 528 passive noise control strategies can be employed on a drone propeller. The main noise sources for this 529 application concern the interaction between the BL and the TE of the blade. This paper presents several 530 techniques to control this noise source. Even though, noise control is the main focus, aerodynamic 531 performance is also taken in count in order to guarantee the success of the mission.
532
The first strategy to reduce noise emission was to employ an optimized geometry by taking into 533 account acoustic constraints in the multi-disciplinary optimization process. These solutions led to 
